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The brain and the nervous system
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Biological Psychology is the application of biological principles to the study of behaviour. Th e term behaviour refers to a wide variety of phenomena including both internal events like thinking and emotion as well as overt behaviour that can be seen by others.
A great deal of biological psychology is concerned with the physiology of the nervous system and especially the brain. Other terms are used to describe the same area of research: Physiological Psychology, Psychophysiology, Biopsychology, Biological Bases of Behaviour and so on.
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Th e average adult human brain is actually around the size of a grapefruit or a small melon and is pinkishgrey in colour. It has many folds and creases and looks a little like a large walnut.
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Th ese days we are quite accustomed to seeing the brain as the source of our thoughts and actions. However, this was not always the dominant idea. Ancient cultures, including the Egyptian, Indian and Chinese, considered the heart to be the seat of thoughts and emotions. Th e ancient Greek philosophers and both suggested the brain as the source of these phenomena whilst Aristotle (384-322 BC) believed the brain was there to cool the passions of the heart! French philosopher Renée Descartes (1596-1650) was one of the fi rst people to see the human body as a machine and he suggested that a separate entity called the mind controlled the brain and nervous system and it worked as a sort of hydraulic pump.
Th e next major innovation was in the late 1700s by Italian philosopher Luigi Galvani who discovered that he could make a frog's leg twitch by stimulating a nerve with electricity. Later on, Fritsch and Hitzig (1870) succeeded in producing movement in dogs by stimulating their brains with electricity. German physicist Herman von Helmholtz (1821-94) later discovered that the nerves were not simply 'wires' since he calculated that the speed of nerve conduction of around 30 to 40 metres per second was far slower than the fl ow of electricity or around 3 ϫ 10 8 metres per second (the speed of light).
All of these pioneering ideas led to the concept that the brain behaved like a biological machine and that this could be investigated using scientifi c principles.
. .
Biological Psychology
Th e adult brain weighs around 1400 grams and has a gelatinous consistency. A living brain is so soft and squidgy that it can be cut with a blunt knife.
Panel 2
Th ere are approximately 100 billion neurons in the human brain (Williams & Herrup, 1988) . However, neurons only make up approximately 10 per cent of the cells in the brain. Th e rest are known as glial cells, and these provide a supporting role for the neurons themselves. Neurons are larger than glial cells however and make up about 50 per cent of the volume of the brain.
Th e idea that the neuron is the unit of brain was suggested by the Spanish Nobel prize winner Santiago Ramón y Cajal from work carried out between 1887 and 1903.
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It should be noted that there are a number of diff erent types of neuron. Th e type depicted here is based on a 'typical' motor neuron. Oh and just for clarity's sake, neurons do not have faces! Th e cell body of a neuron contains (amongst other things) the cell nucleus that contains the genetic material and the other structures that keeps the neuron alive.
Th e dendrites are points on a neuron where information from other neurons are received.
Th e axon is the long part of a neuron that sends the nerve impulse. Axons can be quite long.
Th e myelin sheath that surrounds the axon is the insulating material (rather like the plastic around an electric cable). It is made up of a fatty material and has a white appearance.
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Technically, it needs to be pointed out that the nerve impulse only happens down the neuron's axon so you could not get a shock in this way. However, it should also be pointed out that this scene is impossible since neurons are microscopic cells and they do not have 'hands'!
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Note: Th e explanation of the nerve impulse involves a complex number of disciplines including concepts from chemistry, physics and biology and many fi nd these diffi cult to understand. Th e following explanation is unashamedly simplifi ed although we are aware that some of the terms may appear like a foreign language that need some interpretation.
Th e concepts described in this explanation baffl e even the most qualifi ed individuals and this is not as a result of their intellect, but rather an issue with their background. Th e following description has been 'run by' an experienced psychologist with a Ph.D. who fi nds this area taxing and is assured that it is basic enough! Obviously, some may fi nd the material overly simplistic and to these readers we recommend further reading.
Please note that this explanation concerns only the electrical nerve impulse within a single neuron. It does not deal with the conduction of impulses across diff erent neurons.
The Nerve Impulse
Th e fl uid inside body cells has certain chemicals that are electrically charged (this means that these chemicals are moving between positive and negative charges in currents, similar to that in the electricity in your home). Th ese are called ions and the important ones for nerve conduction are sodium and potassium (that both have one positive charge), calcium (that has two positive charges), certain proteins called organic anions (that have a negative charge) and chloride (that has one negative charge). Th e positive ions are attracted to the negative ions and vice versa. Hence these chemicals tend to move towards each other. Th e fl uid inside the cell is separated from fl uid outside the cell by a cell membrane that allows some chemicals through and not others (it is known as a semi-permeable membrane). Th erefore, not all the ions can move freely to where they are attracted.
At rest, a nerve cell (neuron) has a negative charge inside the cell and a positive charge outside the cell. Th is is because the membrane allows positive potassium ions (K ϩ ) easily through to the inside while negative chloride ions (Cl Ϫ ) and positive sodium ions (Na ϩ ) have more diffi culty. Additionally, there are the organic anions (A ؊ ) inside the cells. Furthermore, there is a pump mechanism that moves sodium ions out of the cell relative to the number of potassium ions within the cell (for those who want to know, the cell 'allows' one sodium ion for each potassium ion, the pump moves sodium out of the cell until this ratio is achieved). When the correct ratio of sodium and potassium ions is achieved, and thus the inside of the cell has a correct negative charge, the neuron is in a sate of balance that is called a Resting Potential. If you were to anthropomorphosise the neuron at this point it would be a 'very happy bunny'! During this state of balance, this resting potential, it is possible to measure the amount of electricity being generated using a gadget called a voltmeter. When this is carried out, it is found that the resting potential of an average neuron is around Ϫ70 millivolts (mv) which means that the inside of the cell is 70mv less than the outside. Bear in mind that this is a very small amount of electricity. A portable CD player usually requires two 1.5 volt batteries to operate (a total of three volts, approximately forty times that in a neuron in a state of resting potential!).
Keeping the neuron in this 'happy' state requires a lot of work. In fact, the resting potential uses up approximately 40 per cent of the neuron's energy. However, despite using up such a great deal of the neuron's energy, this is worthwhile because the resting potential is absolutely essential in powering the actual nerve impulse.
When a neuron at rest is stimulated (by another neuron for example), this causes its voltage to move towards 0 mv (in other words from Ϫ70mv to 0mv). Before it reaches this, however, at around Ϫ55mv, this causes the nerve cell to fi re or spike. Th is is called an Action Potential. When the neuron fi res (i.e. it has an action potential) it sends an electrical impulse down its axon (which results in behaviour, for example the movement of a muscle). Th is value of Ϫ55mv is called a fi ring threshold. If it is not achieved, the neuron will not send a message.
The Action Potential
Th e action potential occurs because of an exchange of ions across the neuron's semi-permeable membrane. When the fi ring threshold level is reached (i.e. Ϫ55mv), this causes the cell to open sodium channels ('holes' in the semi-permeable membrane) that allow sodium ions to rush into the cell. Th is causes the rapid change from a negative charge of Ϫ55mv to a positive one of around ؉30mv. As soon as this happens, the cell tries to recover its resting potential state by closing sodium channels and opening potassium channels. Th e now negative charge on the outside of the cell then causes the movement of potassium ions to the outside of the cell, bringing the resting potential back. Th e fi nal stage is for the sodium-potassium pump to help in the removal of sodium ions back to the outside of the cell.
What does this achieve?
All of this happens on one tiny spot on the cell membrane. However, the nerve impulse (which remember is carrying the message) has to travel the whole length of the neuron's axon. Th e 'struggle' that causes the action potential and then a return to the resting potential on one part of the membrane creates an imbalance in the spot on the membrane next to it. So, this next spot on the membrane opens the sodium channels and begins the action potential at that point. Th is creates a chain reaction of action potentials down the length of the neuron's axon. In the chapter, dominoes were used to highlight this wave of electricity that moves down the neuron's axon, but you could also see it as a worm's movement along the ground. One segment of its body pushes another segment which pushes on another and so on.
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Th e 'all or nothing' eff ect is concerned with the threshold of Ϫ55mv. If this is not reached then the action potential does not occur. It often takes many neurons stimulating a single neuron to achieve this threshold.
PAGE 5 Panels 2 to 6
Note: Th e following explanation deals with the transmission of the nerve impulse from one neuron to another.
Chemical transmission at the synapse
It was Ramón y Cajal who showed that neurons were not physically touching each other. Th ese physical gaps are the reason von Helmholtz (see page 3 panel 1 above) did not fi nd the nervous system transmitting electrical messages at the speed of light. Th e synaptic gaps slow down the message considerably.
Up until the 1920s, it was thought that the synapse was bridged by an electrical impulse. It took German physiologist Otto Loewi (1953) to show that synapses are bridged by sending chemicals across the gap. Chemical transmission is how most synapses are bridged.
We now know that there are a few neurons that do bridge the gap electrically by sending ions across the synapse. In other words, the action potential is physically carried from one neuron to the next. Th ese are called Electric Synapses and are present in situations where very fast nerve transmission is very important. Electric synapses are rare and tend to occur in invertebrate animals. Th e crayfi sh, for example, has electric synapses that control the movement of its tail allowing it to escape from predators very quickly.
How is the chemical transmission achieved?
Th e end of a neuron's axon ends in what is described as the synaptic knob or the pre-synaptic terminal (it is called pre-synaptic because it is found before the synaptic gap). Th e pre-synaptic terminal is a sort of swelling at the end of the axon. Inside this swelling, there are small pockets that contain certain chemicals. Th ese are called synaptic vesicles ('vesicle' means 'little bladder' -which is a very good description of what they are actually like!). Th e chemicals inside these 'little bladders' are called neurotransmitters and these are the chemicals that cross the synaptic gap and pass on the message from one neuron to another.
. .
When the action potential arrives at the pre-synaptic terminal this causes calcium channels to open in the terminal's membrane (remember, these are 'holes' in the semi-permeable membrane that temporarily open to allow certain ions -in this case calcium -into the inside of the neuron). Th e calcium causes the vesicles near the terminal's membrane to fuse with it and thus open into the synapse. Th is allows the neurotransmitters inside them to spill out of the neuron into the synaptic gap.
What happens next?
Th e neurotransmitter chemicals fl ow or diff use across the gap and reach the receiving part of the next neuron. Th is is called the post-synaptic neuron since it is after the synaptic gap. Th e neurotransmitter molecules fi t into small 'holes' called receptor sites on the surface of the receiving neuron. Th is is rather like a key fi tting into a lock so that the neurotransmitter molecules are the 'keys' shaped in such a way that they fi t into the corresponding 'locks' of the receptor sites. Th is chemical 'jump' across a synapse takes only about 2 milliseconds (a millisecond is a millionth of a second!).
Th e locking of a neurotransmitter at a receptor site can have one of three eff ects:
Ionotropic eff ects Some neurotransmitters cause the postsynaptic neuron to open ion channels to allow a particular ion into the neuron.
Th e neurotransmitter glutamate, for example, causes the sodium channels to open and therefore initiate an action potential. Th is is called an excitatory eff ect. Th e neurotransmitter Gamaamniobutyric acid (GABA) opens chloride gates that make the inside of the neuron more negative and hence stops an action potential taking place. Th is is called an inhibitory eff ect. However, both glutamate and GABA have ionotropic eff ects. Ionotropic eff ects are fast and are used when a quick response is needed such as in moving muscles.
2) Metabotropic eff ects
Metabotropic eff ects are much slower and longer lasting than ionotropic eff ects. Metabotropic eff ects take place by creating a sequence of chemical (metabolic) reactions. When a neurotransmitter locks onto a metabotropic receptor this causes chemical changes inside the neuron that can have a variety of eff ects from opening an ion channel to switching on the eff ect of a chromosome. Dopamine is an example of a neurotransmitter that can have metabotropic eff ects. 3) Modulatory eff ects Some neurotransmitters act as what are known as Neuromodulators. Neuromodulators diff use to more than one neuron. Th ey then lock to all the correct receptor sites of the neurons close by. Th is is rather like a radio signal reaching all the radios that are tuned in to it. Th e eff ects of neuromodulators on neurons are quite small. Th ey alter (modulate) the eff ect of the neurotransmitters (Millhorn et al., 1989) . Some neuromodulators, for example, can prolong or limit the eff ect of a neurotransmitter whilst others can limit the release of neurotransmitters. Endorphins (see Chapter 3) are examples of neuromodulators that have the eff ect of reducing pain responses.
Stopping the eff ect of neurotransmitters
Once the neurotransmitter has locked onto the receptor site and the desired message has been transmitted, it makes sense for the synapse to return back to its normal state in readiness for the next message. In order for this to be achieved, the neurotransmitter must be removed from the receptor sites and any that may be left in the synaptic gap. Th ere are four ways in which the eff ect of the neurotransmitter is removed. Firstly, some of the neurotransmitter left in the gap simply fl ows away from the synaptic gap and is unable to bind 1) to the receptors. Secondly, there are other chemicals called enzymes that are released into the gap that break up the neurotransmitters. Th irdly, there are chemicals that bind to the neurotransmitter molecules and absorb them back into the presynaptic neuron to be used again later (this is called the reuptake mechanism). And fourthly, there are supporting cells (glial cells) that absorb the neurotransmitter into themselves for re-use by the neuron.
Why have chemical transmission at synapses?
Th e chemical transmission at a synapse signifi cantly slows down the nerve impulse. Th is must therefore have an important purpose. Given that neurons are either activated or not (in other words there is only a 'yes' or a 'no' response from each neuron) the chemicals at the synapse provide a great deal of complexity to the communication system. By using many diff erent types of neurotransmitter molecules and diff erent types of receptor sites on many diff erent synapses, the nervous system can create a complicated code rather like having many letters in an alphabet to create a language.
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Th e spinal cord is a segmented structure. Each segment has on each side a sensory nerve that receives information from the body and a motor nerve that sends information to the body. A cross-section through the spinal cord shows a darker 'H' in the centre that represents the tightly packed neurons. Th e white matter around this 'H' is made up mainly of axons with white myelin sheaths around them. Th e core of the spinal cord is a fl uid-fi lled channel called the central canal.
Each segment of the spinal cord receives information from the brain and sends information to the brain. If the spinal cord is cut at a specifi c segment, then the brain loses all sensation from that segment and any segments below that one. Similarly, all motor control is also lost to the part of the body connected to this segment and the ones beneath it.
Protection for the central nervous system
Th e spinal cord and the brain are protected by fl uid fi lled membranes called the meninges. Th e space between the meninges and the brain and spinal cord is fi lled with a liquid called cerebrospinal fl uid. Th e brain and spinal cord therefore fl oat in a bag of fl uid. Th is protects the delicate structures from damage by impact. Sometimes the meninges become infected and this results in the condition known as meningitis.
In addition, the brain is protected from harmful chemicals by the blood-brain barrier. Th is is a set of tightly packed tiny blood vessels that prevent chemicals with large molecules from entering the brain. Anything that dissolves in fat can pass freely into the brain but there are many chemicals that only dissolve in water that need to be actively transported across the blood-brain barrier in order to reach the brain.
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Th is defi nition of a refl ex is from Garrett (2003, p.74) .
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Th e hindbrain is also sometimes referred to as the rhombencephalon.
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Th e midbrain is also known as the mesencephalon and consists of two structures the tectum and the tegmentum. Th e important structures in the tectum are the superior colliculi that are involved in vision and the inferior colliculi that are concerned with audition. One important structure in the tegmentum is the substantia nigra that contains neurons that produce dopamine. It is the death of neurons in this area that is believed to be largely responsible for the movement disorder called Parkinson's disease (see Chapter 5).
Th e midbrain is relatively small in humans. In birds, reptiles, amphibians and fi sh the midbrain structures are much more noticeable.
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Th e forebrain is sometimes referred to as the prosencephalon.
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Th e Corpus Callosum is the largest of the cerebral commisures. Th ese are dense fi bres that carry information between the two cerebral hemispheres. Th e two hemispheres carry out slightly diff erent tasks and therefore need to communicate with each other. Additionally, information from the senses is often directed to one specifi c hemisphere. For example, visual information on the left is sent to the right hemisphere while visual information on the right is sent to the left hemisphere. Th is information needs to be shared with the other hemisphere through the corpus callosum and the other comissures. Sometimes, surgeons cut the corpus callosum so that those suff ering from epilepsy can confi ne their fi ts to just one cerebral hemisphere (this is only done in the most serious of cases). Th ese individuals therefore have no internal communication between the cerebral hemispheres and have been studied to determine the diff erent functions of the two hemispheres. Th ese studies have shown that, for example, the left hemisphere is generally more involved in language than the right hemisphere and that the right hemisphere is more involved in spatial tasks and face recognition (e.g. Gazzaniga, 1967; McKeever, Seitz, Krutsch, & Van Eys, 1995; Nebes, 1974) . 
. .
The Brain and the Nervous System conclusion, however. Ratui et al.'s work suggests that the damage to Gage's brain was much less extensive than was hitherto believed as they suggest that only Gage's left frontal lobe was actually damaged.
Despite these controversies, the case of Phineas Gage really does represent a milestone in terms of 'tipping the balance' in favour of the idea of localisation of function in the brain.
Phineas Gage -another perspective
Most introductory psychology textbooks mention the case of Phineas Gage (approximately 60 per cent according to MacMillan, 2000) . However, in reading some of these, the case is generally described in a sanitised way. In these sources' excitement to place the case of Phineas Gage in its deserved important historical context, Phineas Gage the human being is lost. Little mention is made of Gage's horrifi c injuries except to say that the hot iron rod 'cauterised' the wound on its way through Gage's skull. Much is made of Gage walking to the cart that took him to the town, implying that despite the injury, Gage came away relatively unscathed, at least physically.
However, the reality seems very diff erent if you read the original account from Harlow (1848; see Neylan, 1999) . Phineas Gage suff ered a great deal. Harlow attended to Gage about one and a half hours after the accident at approximately 6pm. Th is is his description of how he found his patient:
'He seemed perfectly conscious, but was getting exhausted from the haemorrhage, which was very profuse both externally and internally, the blood fi nding its way into the stomach, which rejected it as often as every 15 or 20 minutes. Pulse 60, and regular. His person, and the bed on which he was laid, were literally one gore of blood' (Harlow, 1848 in Neylan, 1999 .
He also mentions that Gage's hands and forearms were deeply burned up to the elbow; something which is rarely mentioned in other sources.
Harlow also describes the subsequent recovery of his patient from the 13 September until the 18 November 1848. During this time he mentions further haemorrhaging, vomiting, severe swelling of the face, 'foetid' discharge from the scalp intermingled with particles of brain, the formation of an abscess on one of the facial muscles and fungal growth from within the wound. Ever the clinician, Harlow does not attempt to describe the level of pain that Gage must have suff ered.
Th is level of 'gory detail' is included here to remind us that despite the controversies over Gage's defi cits there is a man at the heart of this case. Whether you believe that Gage suff ered personality changes or if the phrase 'he was no longer Gage' was indeed spoken by his friends or not, should not detract from the horrendous physical suff ering that Phineas Gage endured as a result of what happened on 13 September 1848.
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Broca's Area
Pierre Paul Broca (1824-80) was a French surgeon who in 1861 treated a patient for gangrene. Th is patient had earlier lost his ability to say anything except the word 'tan' and to utter an oath. Five days later the patient died and Broca was able to examine his brain. He found damage to a specifi c part of the left frontal lobe. On the basis of this and other cases, Broca concluded that this part of the brain must be intact for speech production despite intact vocal apparatus and normal language comprehension.
Broca is often cited as one of the fi rst to show localisation of function in the brain although others also wrote about this area at around the same time (Finger & Roe, 1996) . Th e area of the frontal lobe is now known as Broca's Area and is generally seen as a language production area of the brain. Any serious impairment of language production is known as Broca's Aphasia regardless of whether the damage is to Broca's Area or not. Aphasia is the term used for any language impairment.
We now know that speaking involves a large part of the cortex, especially in the left hemisphere and is certainly not confi ned to Broca's Area (Wallesch, Henriksen, Korhuber & Paulson, 1985) .
Wernicke's Area
In 1874 Carl Wernicke discovered that damage to an area in the left temporal lobe of the cortex produced an aphasia that was very diff erent to that discovered by Broca. Th is is known as Wernicke's Aphasia or Fluent Aphasia. In this case the language impairment is characterised by an inability to remember names of objects and general impairment of language comprehension. Th e person is often seen as speaking very fl uently despite diffi culties in fi nding certain words (known as Anomia). Additionally, these individuals fi nd it very diffi cult to understand both spoken and written speech. Like with Broca's Aphasia, these types of defi cit are called Wernicke's Aphasia regardless of whether the damage is in the same part of the brain.
